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(54) Heat exchanger for refrigeration circuit 

(57) A heat exchanger (1) for a refrigerating cycle 
has a plurality of grooves (51,52) of different widths 
formed on the inner surface of a pipe (26) thereof in the 
direction of flow of refrigerant therethrough to improve 
the performance of the heat exchanger. 
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Description 

The present invention relates to a heat exchanger 
for use in a refrigeration circuit including a compressor. 

Heat exchangers are used in refrigeration or air 
conditioning equipment, freezers or cooled showcases 
and include a refrigerant pipe with a plurality of fins as 
disclosed in, for example, Japanese Patent Publication 
No.4-16711. 

The fins are designed to permit the efficient dissi- 
pation or absorption of heat between the refrigerant 
flowing through the refrigerant pipe, and the outside air 
and they are usually made of aluminium sheet which is 
approximately 100 to 120 microns thick. 

When a heat exchanger of this type is used as a 
condenser in a refrigeration circuit in which, for example, 
a gas refrigerant of high temperature and high pressure 
is discharged from a compressor and flows into the heat 
exchanger, causing the temperature thereof to go up to 
approximately +20 to +1 00 degrees centigrade, the heat 
of the refrigerant is transferred from the refrigerant pipe 
wall of the heat exchanger or the condenser to the fins 
and is radiated into the outside air from the surfaces of 
the fins, a part thereof also being radiated from the sur- 
faces of the refrigerant pipe. 

The refrigerant radiates heat and condenses from 
such heat radiation. The surfaces of the fins of a con- 
ventional heat exchanger of this type can be provided 
with a transparent hydrophillic coating after they are 
washed, which results in the colour of the surfaces being 
silver which is extremely close to white (hereinafter re- 
ferred to as "white"). 

The colour white is highly reflective to light so the 
heat conductivity based on the wavelength of the reflect- 
ed light (i.e. heat ray), is lowered making it difficult to 
improve the heat radiation of the fins. Thus, the heat 
radiation from the fins is lowered which adversely affects 
the condensation of the refrigerant in the heat exchang- 
er. This makes it more difficult to improve the cooling 
capability of the refrigerating circuit. 

Although the aforesaid problem is not as significant 
as in the case of a condenser, the same problem is en- 
countered when the heat exchanger is used in a cooler 
or evaporator More specifically, as the reflectance of the 
light increases, the absorption of heat by the ambient 
air deteriorates. 

Means for improving the performance of a heat ex- 
changer is disclosed, for example, in Japanese Patent 
Publication No. 4-21 1 1 7 in which the inner surface of the 
refrigerant pipe is provided with helical grooves, so that 
refrigerant flows along the grooves by capillary action 
all the way up to the top of the pipe thereby ensuring 
heat exchange between the refrigerant and the refriger- 
ant pipe over an enlarged area, or over the entire area 
ideally, of the inner surface of the pipe and thus improv- 
ing the heat transfer characteristic. 

When a mixture of two or more types of refrigerants 
is used as the refrigerant flowing through the refrigerant 



pipe, the respective ingredient refrigerants may have 
different properties, for instance different viscosities. 
The grooves in a conventional refrigerant pipe, however, 
all have the same width so when the refrigerant is in its 
s gas-liquid mixture condition and the flow rate of liquid in 
the refrigerant is small, using small width grooves for a 
refrigerant with a low viscosity causes problems be- 
cause the width is then too small for a refrigerant with 
high viscosity so the flow resistance increases and this 
10 leads to a large pressure loss. The result is stagnation 
of refrigerants of high viscosity. Conversely, setting the 
grooves to a larger width to match them to a refrigerant 
with high viscosity causes a problem because the 
grooves are then too wide for a refrigerant of low viscos- 
es ity so the capillary action no longer works. 

The present invention overcomes or substantially 
reduces the problems of the prior art discussed above 
and it is an object of the present invention to improve 
the capability of a heat exchanger used in a refrigeration 
circuit. 

According to the present invention there is provided 
a heat exchanger for use in a refrigeration circuit which 
includes at least a compressor, a heat source side heat 
exchanger, an expansion device, a user side heat ex- 
changer and other devices which are all linked so that 
refrigerant discharged from the compressor is circulated 
therethrough, at least one of the heat exchangers has 
a pipe through which a refrigerant flows, and at least 
one fin installed on the pipe to provide heat conductivity. 
The inner surface of the pipe is provided with a plurality 
of at least two types of grooves formed in the flow direc- 
tion of the refrigerant, said grooves being of different 
widths. 

The grooves may be formed in the inner surface of 
the pipe helically in the flow direction of the refrigerant. 

The refrigerant circulated through the refrigerating 
cycle may have at least two different ingredients, said 
pipe having at least one groove designed to suit one of 
the said ingredients. 

The present invention makes it possible to permit 
heat exchange between the refrigerant and the pipe 
over an extended or enlarged area of the inner surface 
of the pipe by a capillary action while controlling at the 
same time the increase in the pressure loss caused by 
the circulating resistance of the refrigerant even when 
a mixed refrigerant of two or more different ingredients 
flows through the pipe. The present invention also 
makes it possible to control the variations in the mixing 
ratio of the mixed refrigerant when a mixed refrigerant 
flows through the pipe. 

The grooves which may be formed helically in the 
flow direction of the refrigerant further improve heat 
transfer between the refrigerant and the pipe. 

Preferably, the fins are coated with a paint prepared 
by mixing a hydrophillic paint and a material, which has 
the properties similar to those of a blackbody, so as to 
provide a lower reflectance of light. 

Preferably, the hydrophillic paint is composed of a 
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hydrophillic organic resin and a silica complex, the ma- 
terial having the properties similar to those of the black- 
body is a carbon black pigment or cuprous oxide. Suit- 
ably, the material having the similar properties to those 
of the black body is added to the hydrophillic paint at a 
ratio of five percent. 

Figure 4 shows the relationship between the reflect- 
ance of light and the colour of the surfaces of the fins of 
the heat exchanger used for this type of refrigerating cy- 
cle. In the graph, B1 denotes the reflectance to the 
wavelength of a white surface colour of the fins, B2 de- 
notes the reflectance to the wavelengths of a grey sur- 
face colour of the fins, and B3 denotes the reflectance 
to the wavelength of a black surface colour of the fins. 
The aforesaid white, grey and black colours can be ex- 
pressed in terms of Lvalue (light: + <- Lvalue - :dark), 
"a" value (red: + <- a value -> - :green), and "b" value 
(yellow: + <- b value -> - :blue) by using Minolta colour 
difference meter CR-200 as follows: white is expressed 
by L value = 89.2, "a" value - -0.8, "b" value = +1 .5; grey 
is expressed by L value = 75.7, "a" value = 0.0, n b B value 
= +3.8; and black is expressed by L value = 52.5, "a" 
value = +0.7, and "b" value = +5.3. 

When the heat exchanger of the invention is used 
as a condenser, the temperature thereof rises to +20 to 
+1 00 degrees centigrade as previously mentioned and 
the wavelength of the heat rays radiated from the sur- 
faces of the fins ranges from 2000 to 20000 angstroms 
according to the temperature thereof. As can be seen 
from the graph of Figure 4, the reflectance becomes low- 
er as the colour of the fins comes closer to black in such 
a wavelength range. In particular, at a wavelength of 
9000 angstroms or less, the light reflectance of the fins 
with the black surface is low. 

The present invention enables heat radiation from 
the surface of the heat exchanger to be remarkably im- 
proved. Thus, the heat exchanger can be made smaller 
and the cooling or heating capability of the refrigerating 
cycle can be improved. 

Preferred embodiments of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is a circuit diagram for the refrigerant in an 
air conditioner which includes a heat exchanger of 
the present invention; 

Figure 2 is a front view of the heat exchanger shown 
in figure 1; 

Figure 3 is an enlarged cross-sectional view of the 
surfaces of the fins of the heat exchanger shown in 
Figure 2; 

Figure 4 is a graph showing the relationship be- 
tween the colours of the surfaces of the fins of the 
heat exchanger and the corresponding reflectances 
of light. 

Figure 5 is a cross-sectional view of a refrigerant 
pipe of the heat exchanger shown in Figure 2; and 
Figure 6 is a partially enlarged cross-sectional view 



of the refrigerant pipe of the heat exchanger shown 
in Figure 2. 

Figure 1 shows the refrigerant circuit diagram of an 
5 air conditioner AC which can include a heat exchanger 
of the present invention. The air conditioner AC shown 
in Figure 1 includes a compressor 1 , a four-way valve 
2, a heat source side heat exchanger 3 serving as an 
outdoor heat exchanger, a capillary tube 4 serving as 
an expansion device, a modulator 5 with screen, a user 
side heat exchanger 6, and an accumulator 7 which are 
all linked by a refrigerant pipe to provide the refrigerant 
circuit. Blowers 41 and 42 blow air to the heat source 
side heat exchanger 3 and the user side heat exchanger 
6, respectively, to promote heat exchange with the am- 
bient air. 

Different refrigerants and oils are sealed in the re- 
frigerant circuit according to the required evaporating 
temperature of the installation. For instance, high-tem- 
perature equipment such as air conditioner AC in this 
embodiment uses a sole refrigerant R22 or an HFC- 
based mixed refrigerant containing R1 34a, e.g. a mixed 
refrigerant composed of three types, namely, R134a, 
R32 and R125 (the composition of the refrigerant is, for 
example, 52wt% of R134a, 23 wt% of R32 and 25 wt% 
of R125), or a mixed refrigerant composed of R32 and 
R125 (the composition of the refrigerant is, for example 
50 wt% of R32 and 50 wt% of R125, or a mixture of the 
two of approximately the same percentage by weight). 
The oils to be used with the refrigerants are of polyol 
ester type, alkyl benzene type, or other type which is 
compatible with the refrigerants. 

The embodiment discussed hereafter uses a mixed 
refrigerant made up from R134a, R32 and R125. The 
characteristics of these three refrigerants are as follows: 
R1 34a has a boiling point of -26 degrees centigrade and 
a viscosity of 0.204 mPa • S; R32 has a boiling point of 
53 degrees centigrade and a viscosity of 0. 1 40 mPa S; 
and R125 has a boiling point of -48.3 degrees centi- 
grade and a viscosity of 0. 145 mPa <> S. 

The heat source side heat exchanger 3 includes a 
plurality of plate-shaped fins 23, which are spaced at 
predetermined intervals from each other as illustrated 
in Figure 2, and a tortuous refrigerant pipe 26 which pen- 
etrates the fins 23 in such a manner that it permits heat 
exchange. 

Each fin 23 is a thin plate 31 which is made of alu- 
minium including an aluminium alloy and is 100 to 120 
microns thick. The surface of each fin 23 is provided with 
a rustproof layer 32, which is about two microns thick 
and formed by immersing the aluminium thin plate 31 in 
an acid solution (e.g. chromic acid, chromate, bichro- 
mate, chromic acid/phosphoric acid, and phosphoric ac- 
id). 

The outer side of the rustproof layer 32 is provided 
with a coat of a hydrophillic film 35 which is 5 to 10 mi- 
crons thick. The hydrophillic film 35 is provided to make 
it difficult for water droplets, which lead to circulation re- 
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sistance, to be formed on the surfaces of the fins 23. 
The hydrophillic film 35 is a mixture of hydrophillic paint, 
water and a material having properties similar to those 
of a blackbody. 

In this embodiment, the hydrophillic paint is an 
acrylic resin or hydrophillic organic resin and a silica 
complex. It is assumed that the blackbody absorbs all 
light and therefore reflects no light. The material which 
exhibits properties similar to those of the blackbody is 
selected from carbon black type pigments or cuprous 
oxides. 

The water is used to ensure easy handling of the 
paint as it evaporates after painting is finished. 

The paint in this embodiment is prepared by mixing 
100 grams of the aforesaid hydrophillic organic resin 
and silica complex, or acrylic resin, 3000 grams of water, 
and 5 grams of the carbon black type pigment, that is, 
5% of the carbon black type pigment with respect to the 
hydrophillic paint. 

The fins 23 provided with the rustproof layer 32 are 
washed, immersed in the aforesaid paint and drawn up, 
then they are dried and baked to form the hydrophillic 
film 35 thereon. Since the water evaporates, the mixing 
ratio need not be very precise. 

The formation of the hydrophillic film 35 makes the 
surfaces of the fins 23 black, the characteristic of which 
is B3 (L value = 52.5; "a" value = +0.7; "b" value = +5.3) 
shown in Figure 4. The heat exchanging performance 
of the heat exchanger can be improved if the reflectance 
of light of the black on the fins 23 is lower than that of 
B2 shown in Figure 4. 

Holes for inserting the pipe are formed in the fins 
23 beforehand and the fins 23 are arranged along a plu- 
rality of straight pipes 26 A making up the refrigerant pipe 
26 at predetermined intervals. Pressure is applied to the 
inside of the straight pipes 26A to expand them, then 
bent pipes 26B are welded to them so as to be in com- 
munication with the respective straight pipes 26A. Thus, 
the tortuous refrigerant pipe 26 is configured and the 
heat exchanger 3 is completed. 

Figure 5 is the cross-sectional view of the straight 
pipes 26A (the same view applies to the bent pipes 26B) 
which form part of the refrigerant pipe 26; Figure 6 is a 
partially enlarged cross-sectional view of Figure 5. The 
inner surface of the straight pipe 26A is provided with, 
for example, a total of sixty grooves 51 .. and 52..; bottom 
width D of each groove 51 is 0.33mm, for example, and 
bottom width "e" of each groove 52 is 0.48mm, for ex- 
ample, which is a larger value than D. The grooves 51 
and 52 are alternately disposed. 

For instance, height H of a ridge 55 separating a 
pair of grooves 51 and 52 is set to 0.3mm, apex angle 
0 to 30 degrees, and tip curvature r to 0.05mm. The 
twisting angle for helically disposing the grooves 51 and 
52 is 18 degrees, for instance. The outer diameter OD 
of the straight pipes 26A is set to e.g. 10mm and the 
bottom thickness TF thereof is set to e.g. 0.27mm. 

The user side heat exchanger 6 has the same struc- 



ture as the heat source side heat exchanger 3 so it will 
not be described here. It should also be noted that the 
fins are not restricted to the described and illustrated 
plate shape (the plate-shaped fins are commonly known 
s as plate fins) and that spiral other fin shapes may be 
used instead. 

When the air conditioner AC of Figure 1 having the 
aforesaid configuration is in its cooling operating mode 
the mixed refrigerant flows through the compressor 1 , 
10 the four-way valve 2, the heat source heat exchanger 3, 
the capillary tube 4, the modulator 5 with screen, the 
user side heat exchanger 6, and the accumulator 7. In 
this case, the gas refrigerant, which is a mixed refriger- 
ant, of high temperature and high pressure discharged 
'5 from the compressor 1 flows into the heat exchanger 3 
which radiates the heat thereof into the ambient air and 
it condenses. The refrigerant is then reduced in pres- 
sure through the capillary tube 4 before it flows into the 
user side heat exchanger 6 and evaporates (endother- 

20 mic action). Thus, the heat source side heat exchanger 
3 functions as a condenser and the user side heat ex- 
changer 6 functions as a cooler. 

Air is supplied by the blower 41 from outside to the 
heat source side heat exchanger 3 at a velocity of about 

25 im/s. The warm air resulting from the heat exchange 
with the heat source side heat exchanger 3 is radiated 
into the ambient air. As previously stated, the fins 23 of 
the heat source side heat exchanger 3 are provided with 
the hydrophillic film 35 which is coloured black to exhibit 

30 a low reflectance of light, thus enabling remarkably im- 
proved heat radiation from the fins 23. This makes it pos- 
sible to reduce the size of the heat source side heat ex- 
changer 3 to secure a required condensing capability. 
In other words, the heat exchanger 3 of the same size 

35 having this configuration permits improved cooling ca- 
pability of air conditioner AC owing to its improved con- 
densing capability. 

Likewise, cool air produced by the heat exchange 
with the user side heat exchanger 6 is supplied to the 

40 user by the blower 42, as previously mentioned, since 
the fins 23 of the user side heat exchanger 6 are also 
provided with the hydrophillic film 35 coloured black 
which exhibits a low reflectance of light, heat absorption 
from the fins 23 is improved. This makes it possible to 

45 reduce the size of the user side heat exchanger 6 for a 
required heat absorbing capability, i.e. cooling capabil- 
ity. In other words, the heat exchanger 6 of the same 
size having the aforesaid configuration provides an im- 
proved cooling capability for the air conditioner AC ow- 

50 ing to its improved heat absorbing capability, i.e. cooling 
capability. 

When the flow rate of liquid in the refrigerant is high, 
the mixed refrigerant flowing into the heat source side 
heat exchanger 3 and the user side heat exchanger 6 
55 is stirred by the grooves 51 and 52, and when the rate 
of liquid flow in the refrigerant is low, the mixed refriger- 
ant flowing into the heat source side heat exchanger 3 
and the user side heat exchanger 6 helically moves by 
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capillary action along the grooves 51 and 52. These are 
matched to the properties of the respective ingredient 
refrigerants and are formed in the inner wall of the re- 
frigerant pipe 26 thereby preventing any particular in- 
gredient refrigerant from becoming stagnant. As men- 
tioned above, R32 and R125 have a low viscosity, 
whereas R134a has a high viscosity, therefore R134a 
with its high viscosity flows primarily through the 
grooves 52 which are wide, whereas R32 and R1 25 flow 
primarily through the narrow grooves 51 . 

Hence the capillary action substantially decreases 
the circulating resistance of R134a with a consequent 
decreased pressure loss, thus ensuring smooth flow of 
the mixed refrigerant to the upper portion in the refrig- 
erant pipe 26 (straight pipes 26A and bent pipes 26B). 
Likewise, R32 and R1 25 smoothly flow to the upper por- 
tion in the refrigerant pipe 26 along the grooves 51 . 

The configuration described above enables the re- 
spective ingredient refrigerants to smoothly flow along 
the grooves 51 or 52 which differ in width to match to 
the properties, especially the viscosities, of the respec- 
tive ingredient refrigerants. Therefore, the heat ex- 
change between the refrigerant and the refrigerant pipe 
26 takes place over the enlarged or extended area of 
the inner surface of the refrigerant pipe 26, thus achiev- 
ing improved heat transfer characteristics. In this case, 
therefore, the heat radiation, i.e. condensing perform- 
ance, can be further improved in the heat source side 
heat exchanger 3, and the heat absorbing characteris- 
tic, i.e. cooling characteristic, can be improved also in 
the user side heat exchanger 6, leading to improved 
cooling capability of air conditioner AC. 

Using such a refrigerant pipe, which has grooves of 
different widths in it, as the refrigerant pipes for connect- 
ing the respective devices in a refrigeration circuit pro- 
vides almost the same pressure loss as the respective 
ingredient refrigerants of a mixed refrigerant circulating 
in the refrigeration circuit. Hence, the differences in the 
pressure loss among the individual refrigerants cause a 
particular refrigerant to accumulate in a part in the re- 
frigeration circuit, suppressing the undesirable changes 
in the mixing ratio of the mixed refrigerant which circu- 
lates in the refrigeration circuit. 

In heating operation mode, as indicated by the 
dashed arrows in Figure 1, the mixed refrigerant flows 
through the compressor 1 , the four-way valve 2, the user 
side heat exchanger 6, the modulator 5 with screen, the 
capillary tube 4, the heat source side heat exchanger 3, 
and the accumulator 7. In this case, the gas refrigerant, 
i.e. the mixed refrigerant, discharged from the compres- 
sor 1 flows into the user side heat exchanger 6 and it is 
radiated and condensed, it is then reduced in pressure 
through the capillary tube 4 before flowing into the hear 
source side heat exchanger 3 where it evaporates. 
Thus, the heat source side heat exchanger 3 functions 
as the cooler and the user side heat exchanger 6 func- 
tions as the condenser. 

As stated above, air is supplied by the blower 42 to 



the user side heat exchanger 6. The warm air produced 
by the heat exchange with the user side heat exchanger 
6 is circulated to the room where a user is located. As 
previously stated, the fins 23 of the user side heat ex- 
s changer 6 are provided with the hydrophillic film 35 col- 
oured black which exhibits low light reflectance thus en- 
abling remarkably improved heat radiation from the fins 
23. This makes it possible to reduce the size of the user 
side heat exchanger 6 for securing a required heating 

10 capability. In other words, the user side heat exchanger 
6 of the same size having this configuration permits im- 
proved heating capability of air conditioner AC. 

Likewise, the cool air resulting from the heat ex- 
change with the heat source side heat exchanger 3 is 

*5 radiated outside by the blower 41, as previously men- 
tioned, since the fins 23 of the heat source side heat 
exchanger 3 are also provided with the hydrophillic film 
35 coloured black which exhibits low light reflectance of 
heat absorption from the fins 23 can be improved. This 

20 makes it possible to reduce the size of the heat source 
side heat exchanger 3 for securing a required heat ab- 
sorbing capability. In other words, a heat exchanger 3 
of the same size having this configuration permits an 
improved heating capability for air conditioner AC owing 

25 to the improved heat absorbing capability. 

Furthermore, the heat transfer characteristic of both 
heat exchangers 3 and 6 can be improved. In the user 
side heat exchanger 6, the heat radiation characteristic, 
i.e. heating performance, can be further improved, and 

30 in the heat source side heat exchanger 3, the heat ab- 
sorbing characteristic can be improved, thereby improv- 
ing the heating capability of air conditioner AC. 

In defrosting operation mode, as indicated by the 
solid arrows with dots in Figure 1, the operating refrig- 

35 erant flows through the compressor 1, the four-way 
valve 2, the user side heat exchanger 6, the modulator 
5 with screen, the capillary tube 4, the heat source side 
heat exchanger 3, the four-way valve 2, and the accu- 
mulator 7. A solenoid valve 33 is open and therefore, a 

40 part of the refrigerant flows through the compressor 1 , 
the solenoid valve 33, and the heat source side heat ex- 
changer 3, thereby defrosting the heat source side heat 
exchanger 3 while maintaining the heating operation. 
In the illustrated embodiment, a mixed refrigerant 

45 made up from three different refrigerants is used and 
the grooves of two different widths are formed in the in- 
ner surface of the refrigerant pipe. The refrigerant, how- 
ever, may alternatively be a mixture of two types of re- 
frigerants or a mixture of other types of refrigerants. In 

50 such a case, the grooves have their widths matched to 
the properties, especially the viscosities, of the respec- 
tive refrigerants. The air conditioner has been taken as 
an example in this embodiment, however, the present 
invention is not limited thereto, the present invention can 

55 be effectively applied also to a refrigerator, a cooled 
showcase, etc. 

Thus, even when a mixed refrigerant composed of 
two or more different refrigerants flows through a refrig- 
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erant pipe of a heat exchanger, the capillary action en- 
ables the heat exchange between the refrigerant and 
the refrigerant pipe to be implemented over a larger area 
of the inner surface of the pipe while controlling the in- 
crease in the pressure loss caused by the circulating re- 
sistance of the respective ingredient refrigerants, thus 
achieving an improved heat transfer characteristic. Fur- 
thermore, by utilizing the capillary action based on the 
groove widths, the difference in the pressure loss 
caused by the different circulating resistances of the re- 
spective ingredient refrigerants is controlled so as to 
control fluctuations in the mixing ratio of the mixed re- 
frigerant when the mixed refrigerant flows through the 
refrigerant pipe. 

Moreover, heat radiation from the surface of the 
heat exchanger can be significantly improved, there- 
fore, the heat exchanger can be made smaller and also 
the cooling or heating capability of the refrigerating cycle 
can be improved. 



those of the blackbody is a carbon black type pig- 
ment or a cuprous oxide. 

6. A heat exchanger according to claim 5 character- 
5 ised in that the material which has the properties 
similar to the blackbody is mixed at a ratio of 5% in 
relation to the hydrophillic paint. 
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Claims 



1. A heat exchanger for use in a refrigeration circuit 
comprising a compressor (1), a heat source side 25 
heat exchanger (3), an expansion device (4) and a 
user side heat exchanger (6) linked so that, in use, 
refrigerant is discharged from the compressor and 
circulated; at least one of said heat exchangers hav- 
ing a pipe (26) through which said refrigerant flows, 30 
and at least one fin (23) attached thereto which has 
a heat transfer characteristic characterised in that 
the inner surface of the pipe (26) is provided with a 
plurality of grooves (51,52) of different widths 
formed in the direction of flow of said refrigerant. 35 



2. A heat exchanger according to claim 1 character- 
ised in that the grooves (51 ,52) formed in the inner 
surface of the pipe (26) are formed helically in the 
direction of flow of said refrigerant. 40 



3. A heat exchanger according to claim 2 wherein the 
refrigerant circulating through the refrigerating cy- 
cle has at least two types of ingredients and at least 
one groove (51 ,52) is matched to each of the ingre- 
dients. 



4. A heat exchanger according to any preceding claim 
characterised in that the or each fin (23) is coated 
with a paint comprising a hydrophillic paint and a so 
material having properties similar to those of a 
blackbody at a predetermined ratio in order to pro- 
vide low reflectance of light. 



A heat exchanger used according to claim 4 char- 55 
acterised in that the hydrophillic paint is composed 
of a hydrophillic organic resin and a silica complex, 
and the material having the properties similar to 
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